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FIG. 3D 
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FIG. 4D 







Patent Application Publication Jan. 15, 2009 Sheet 6 0f 6 US 2009/0017768 A1 

CELL SEARCHER REOEIvER 

SCRAMBLING 
K502 K504 508 NUMBER 
SLOT FRAME ACQUISITION 

AOQUIsITION ACQUISITION (‘ /:—~*10O 
FREQ. OFFSET/ \200 

I" - OETEOTION i‘m-OOO 
r. _____ __ _ .I \-4OO 

I \ 
500/ : \sos 

RX FREQUENCY CONTROL LOOP M510 

FIG. 9 



US 2009/0017768 A1 

FREQUENCY ERROR ESTIMATION AND 
CORRECTION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of US. application 
for patent Ser. No. 11/480,205, ?led Jun. 29, 2006, Which is a 
continuation of US. application for patent Ser. No. 10/154, 
233, ?led May 22, 2002, now US. Pat. No. 7,075,948 issued 
Jul. 11, 2006, the disclosures of Which are hereby incorpo 
rated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field of the Invention 
[0003] The present invention relates to radio receivers and, 
in particular, to a system and method for frequency offset 
estimation. 
[0004] 2. Description of RelatedArt 
[0005] The process for radio frequency transmission and 
reception is Well knoWn to those skilled in the art. Basically, 
at a transmitter, a carrier frequency is generated by a local 
oscillator and is modulated by a baseband signal. More spe 
ci?cally, tWo sinusoidal carriers of the same frequency, but 
having a ninety-degree phase offset, are modulated by the real 
(I) and imaginary (Q) parts of a complex valued baseband 
signal. At the receiver, coherent demodulation requires 
exactly the same carrier frequency and phase. In some radio 
communication systems, hoWever, a frequency offset error 
appears in the demodulated baseband signal for one reason, or 
a combination of several reasons. For example, the local 
oscillator frequency used in the receiver generally may not 
exactly match the frequency used by the local oscillator trans 
mitter. Also, if the transmitter or receiver is mobile, the 
received signal may be affected by a Doppler spread. 
[0006] When the demodulating frequency generated by the 
local oscillator at the receiver is not precisely equal to the 
received frequency of the transmitted signal, the demodulated 
in-phase and quadrature components (I' and Q') of the base 
band signal differ from the transmitted components (I and Q) 
by a variable phase offset. This results in a steady rotation of 
the Whole I-Q constellation diagram Which can adversely 
impact the accuracy of baseband signal reception and detec 
tion. In many mobile communication systems, a prede?ned 
Word (often referred to as a pilot) signal provides a reference 
that can be used for frequency offset measurement. Once the 
offset is measured, the local oscillator at the receiver can be 
tuned to correct for that offset. 

SUMMARY OF THE INVENTION 

[0007] The present invention is directed to a computation 
ally ef?cient system and method for measurement of fre 
quency offset error. More speci?cally, the present invention 
utiliZes measurements made on a demodulated signal (for 
example, a pilot signal) to determine both a direction and 
magnitude of the frequency error. A receiver frequency con 
trol loop responds to the error sign and magnitude to correct 
for the frequency error. The pilot signal may comprise a PSK 
signal. 
[0008] In accordance With one aspect of the present inven 
tion, a sign and magnitude of a frequency error in a received 
complex signal is measured by detecting at least one quadrant 
transition of the received complex signal in both directions. 
The detected transitions are separately accumulated over a 

Jan. 15, 2009 

time period. By comparing the accumulated quadrant transi 
tions, a difference value is obtained. The sign of that differ 
ence value provides the frequency error sign, and the magni 
tude of that difference value provides information indicative 
of the frequency error magnitude. A receiver frequency con 
trol loop responds to the error sign and magnitude to correct 
for the frequency error. 
[0009] In accordance With another aspect of the present 
invention, a sign and magnitude of a frequency error in a 
received complex signal is measured by detecting at least one 
quadrant transition of the received complex signal as Well as 
at least one Zero-crossing transition. The detected transitions 
are separately accumulated over a time period. By comparing 
the accumulated net number of quadrant transitions, informa 
tion indicative of frequency error sign may be obtained. Fur 
thermore, the accumulated Zero-crossing transitions provide 
information indicative of the frequency error magnitude. A 
receiver frequency control loop responds to the error sign and 
magnitude to correct for the frequency error. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] A more complete understanding of the method and 
apparatus of the present invention may be acquired by refer 
ence to the folloWing Detailed Description When taken in 
conjunction With the accompanying DraWings Wherein: 
[0011] FIG. 1 is a timing diagram illustrating in-phase and 
quadrature components; 
[0012] FIG. 2 is a diagram synthetically illustrating one bit 
counting of characteristic events (such as, for example, quad 
rant transitions); 
[0013] FIGS. 3A-3D are logic diagrams illustrating single 
sign bit counter-clockwise transition detection; 
[0014] FIGS. 4A-4D are logic diagrams illustrating single 
sign bit clockWise transition detection; 
[0015] FIG. 5 is a block diagram of a frequency offset 
detector in accordance With a ?rst embodiment of the present 
invention; 
[0016] FIG. 6 is a block diagram of a frequency offset 
detector in accordance With a second embodiment of the 
present invention; 
[0017] FIG. 7 is a block diagram of a frequency offset 
detector in accordance With a third embodiment of the present 
invention; 
[0018] FIG. 8 is a block diagram of a frequency offset 
detector in accordance With a fourth embodiment of the 
present invention; and 
[0019] FIG. 9 is a block diagram of UMTS-FDD cell 
searcher implementing the frequency offset detector of the 
present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0020] Consider an input signal y(k) represented in the 
folloWing format: 

Wherein: 
[0021] Aemk) is the pilot sequence; 
[0022] A is a real scalar value; 
[0023] ej‘DU“) is the channel phase distortion; 
[0024] b(k) the channel amplitude distortion; 
[0025] we is the frequency error offset; and 
[0026] 11(k) is a complex noise term including all interfer 
ences, plus additive White Gaussian noise (AWGN), and has 
loW poWer compared to the total poWer of y(k). Typically, the 
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pilot sequence symbols used are all identical. For example, in 
UMTS-FDD, each of the pilot QPSK components carry all 
ones, and hence Ae’W“) can be expressed as: 

[0027] The QPSK components contain a phase error that is, 
in the case of a frequency error (DI-(l), variable and amounts 
to (001 —u))t+([). Here, 001 the local oscillator angular frequency 
and (DIZJ'IZFC, Where EC is the center frequency of the received 
signal. The consequence is that the received phase compo 
nents I' and Q' contain variable mixtures of original QPSK 
components I and Q Where: 

{(wi—w)k+¢}} 

and further Where I'(k) and Q'(k) vary in time. The mixing of 
original phase components is irrelevant in this case because of 
trivial information carried by each of them (for example, all 
ones in the case of a UMTS-FDD pilot signal). The time 
variation is to be analyZed, hoWever, because the all-ones 
components of the pilot that are impaired by a constant fre 
quency error behave as sine Waves Whose frequency is equal 
to the frequency offset that must be determined. Thus, the 
frequency offset estimation comprises the ?nding the (u) 1 —u)) 
term. 

[0028] The system and method of the present invention for 
frequency offset determination is based on an event counting 
technique. Namely, a frequency offset causes the above-ref 
erenced phase components I'(k) and Q'(k) to ?uctuate as sine 
Waves. Each 0 to 2st cycle can be characteriZed by a charac 
teristic event. In one aspect of the present invention, the 
characteristic event is a simultaneous appearance of a Zero 

crossing on one component (for example, I'(k)) and of an 
extremum on the other component (for example, Q'(k)), as 
shoWn in FIG. 1. In another aspect of the present invention, 
the characteristic event is a Zero crossing on one (or both) 
component (s). Due to the 31/2 phase delay betWeen the I'(k) 
and Q'(k) components, the extremum can be assumed to be 
detected on one component When both (1) the sign of this 
component does not change, and (2) a Zero crossing is 
detected on the other component. It is thus recogniZed that 
both events (1) and (2) can be tracked simply from detection 
of possible sign changes. Additionally, for purposes of the 
frequency offset detection operation, the I'(k) and Q'(k) com 
ponents can be quantiZed With only one bit (i.e., the sign bit). 
The one bit and sign change characteristics lead to several 
e?icient designs for offset detection and measurement. 
[0029] Reference is noW made to FIG. 2 Wherein there is 
shoWn a diagram synthetically illustrating one bit event 
counting. The arroWs 10 pointing in a counterclockwise 
direction correspond to a sequence of events caused by a 
positive frequency offset, While the arroWs 12 pointing in the 
clockWise direction mark a sequence of events caused by a 
negative frequency offset. For example, the top arroW 10 
corresponds to a transition (or crossing) from a ?rst quadrant 
to a second quadrant of the I'-Q' QPSK constellation due to a 
positive frequency offset, While the top arroW 12 corresponds 
to a transition from the second to the ?rst quadrant due to a 
negative frequency offset, each arroW being characterized by 
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a Zero crossing for the I' component and no sign change for the 
Q' component. Similar relationships can be identi?ed for each 
of the other quadrant transitions. 
[0030] Remembering noW that the I'(k) and Q'(k) compo 
nents can be quantiZed With only one bit (i.e., the sign bit), it 
Will be recogniZed that each of the transitions can be detected 
by applying an appropriate logical analysis of events (1) and 
(2) described above against that bit. Consider ?rst, for 
example, the arroWs 10 de?ning the transitions in the counter 
clockWise direction, and assume complementary logic 
(Where the most signi?cant bit (MSB) of a non-negative num 
ber is “l”, and otherWise “0”). In this context, the transition 
from the ?rst to the second quadrant is detected if the folloW 
ing logical expression is true (i.e., “l”): 

{I'(k-l) AND NOT(I'(k))} AND {Q'(k-l) AND Q'(k) 

Wherein “k” is the current sample and “k-—l” is the immedi 
ately preceding sample. Thus, if the MSB of the immediately 
preceding I' sample is “ l ”, AND the MSB of current I' sample 
is “0”, AND if the MSB of the immediately preceding Q' 
sample is “1”, AND the MSB of current Q' sample is “1”, 
THEN the I'-Q' QPSK constellation is rotating in the counter 
clockWise direction (due to a positive frequency offset con 
dition) and has just crossed from the ?rst quadrant to the 
second quadrant. A logic circuit implementing this logical 
expression is shoWn in FIG. 3A. The transition from the 
second to the third quadrant is detected if the folloWing logi 
cal expression is true (i.e., “l”): 

A logic circuit implementing this logical expression is shoWn 
in FIG. 3B. The transition from the third to the fourth quad 
rant is detected if the folloWing logical expression is true (i.e., 
‘G 1 ,,)z 

A logic circuit implementing this logical expression is shoWn 
in FIG. 3C. Lastly, the transition from the fourth to the ?rst 
quadrant is detected if the folloWing logical expression is true 
(i.e., “l”): 

A logic circuit implementing this logical expression is shoWn 
in FIG. 3D. For each of the logical expressions recited above 
for detecting counter-clockWise direction transitions, the ?rst 
{--} part of the expression re?ects the Zero crossing event (2) 
on one component, and the second {--} part of the expression 
re?ects the no-sign-change event (1) on the other component. 
[0031] Consider noW, for example, the arroWs 12 de?ning 
the transitions in the clockWise direction, and again assume 
complementary logic. In this context, the transition from the 
?rst to the fourth quadrant is detected if the folloWing logical 
expression is true (i.e., “l”): 

{Q'(k-l) AND NOT(Q'(k))} AND {I'(k-l) AND I'(k) 

Wherein “k” is the current sample and “k-l” is the immedi 
ately preceding sample. Thus, if the MSB of the immediately 
preceding Q' sample is “1”, AND the MSB of current Q' 
sample is “0”, AND if the MSB of the immediately preceding 
I' sample is “1”, AND the MSB of current I' sample is “1”, 
THEN the I'-Q' QPSK constellation is rotating in the clock 
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Wise direction (due to a negative frequency offset condition) 
and has just crossed from the ?rst quadrant to the fourth 
quadrant. A logic circuit implementing this logical expression 
is shoWn in FIG. 4A. The transition from the fourth to the third 
quadrant is detected if the folloWing logical expression is true 
(i.e., “l”): 

AND NOT(Q'(k))}. 

A logic circuit implementing this logical expression is shoWn 
in FIG. 4B. The transition from the third to the second quad 
rant is detected if the folloWing logical expression is true (i.e., 
“l”): 

A logic circuit implementing this logical expression is shoWn 
in FIG. 4C. Lastly, the transition from the second to the ?rst 
quadrant is detected if the folloWing logical expression is true 
(i.e., “l”): 

A logic circuit implementing this logical expression is shoWn 
in FIG. 4D. For each of the logical expressions recited above 
for detecting clockWise direction transitions, the ?rst {--} part 
of the expression re?ects the Zero crossing event (2) on one 
component, and the second {--} part of the expression re?ects 
the no-sign-change event (1) on the other component. 
[0032] By detecting the occurrences of these transitions, 
information relating to the cycling of the l'-Q' QPSK constel 
lation due to a frequency offset may be obtained (i.e., the 
existence of an offset is identi?ed by detecting any transition, 
and the detection of a certain transition provides an indication 
of direction of rotation). More speci?cally, by counting the 
number and type of these transitions over a certain time 
period information concerning the magnitude and direction 
of the frequency offset may be obtained. For example, the 
count of the net number of transitions (N) provides direction 
and is proportional, after a measurement interval (t), to the 
residual frequency offset (Af) Where: 

[0033] Wherein: Rb is the bit rate on a single QPSK com 
ponent; and 
[0034] Nbl-ts is the number ofprocessed l' or Q' bits, on a 

single component, during the measurement interval (i .e., 
the data block length in samples). 

[0035] Reference is noW made to FIG. 5 Wherein there is 
shoWn a block diagram of a frequency offset detector 100 in 
accordance With a ?rst embodiment of the present invention. 
The detector 100 includes a counter-clockwise transition 
detector 102 and a clockWise transition detector 104. The 
counter-clockwise transition detector 102 implements one or 
more of the counter-clockwise transition detection logical 
expressions noted above (and discussed in connection With 
the logical implementations of FIGS. 3A-3D, or their equiva 
lents). The clockWise transition detector 104 implements a 
corresponding one or more of the clockWise transition detec 
tion logical expressions noted above (and discussed in con 

Jan. 15, 2009 

nection With the logical implementations of FIGS. 4A-4D, or 
their equivalents). By “corresponding” it is meant that Which 
ever one or more of the transition detection expressions that is 
implemented by the counter-clockwise transition detector 
102, the clockWise transition detector 104 should preferably 
implement the corresponding opposite transition detection 
expressions. For example, if the counter-clockwise transition 
detector 102 implements the logical expression for detecting 
a ?rst to second quadrant transition, the clockWise transition 
detector 104 should preferably implement the corresponding 
opposite logical expression for detecting a second to ?rst 
quadrant transition. 
[0036] The input to the counter-clockwise transition detec 
tor 102 and the clockWise transition detector 104 comprises a 
single quantiZation bit for each of the received I' and Q' 
signals. More speci?cally, in a preferred embodiment of the 
detector 100, the input comprises the sign bit (the most sig 
ni?cant bit in this instance) of the received I' and Q' signals. 
Although the expressions recited above assume complemen 
tary logic, it Will be understood that the input and the detec 
tion expressions may implement other equivalent formatting. 
[0037] The output from each of the counter-clockwise tran 
sition detector 102 and the clockWise transition detector 104 
is a signal D (DECW for the detector 102 and DCW for the 
detector 1 04) that When active indicates a detected occurrence 
of a transition event for the received signal. Active in this case 
could comprise either active high (i.e., logical “l”) or active 
loW (i.e., logical “O”) as desired for a given implementation. 
[0038] The signals D are accumulated in a counter 108 that 
includes a counter-clockwise accumulator 108(1) (counting 
the active signals DECW over a given time period) and a clock 
Wise accumulator 108(2) (counting the active signals DcW 
over the same given time period). A reset signal 110 is used to 
reset the counter 108 at the start of each neW time period. The 
output from the counter 108 at the expiration of each time 
period is a count N (N CCW for the counter-clockwise accumu 
lator 108(1) and NCW for the clockWise accumulator 108(2)) 
that represents the sum number of occurrences of a detected 
transition event in each direction for the received signal dur 
ing the given time period. 
[0039] A processing component 112 receives the counts N 
and mathematically operates on those counts to determine 
information that is at least indicative of, if not explicitly 
de?ning, the magnitude and sign of the frequency offset. With 
respect to the sign, the processing component 112 includes a 
subtractor 116 that subtracts the count NCW of the clockWise 
accumulator 108(2) from the count NCCW of the counter-clock 
Wise accumulator 108(1). The processing component then 
examines the sign portion 118 (i.e, the most signi?cant bit) of 
the subtractor 116 output to identify the sign of the frequency 
offset. For example, if the sign 118 is positive, then the sign of 
the frequency offset is also positive. Conversely, if the sign 
118 is negative, then the sign of the frequency offset is nega 
tive. 

[0040] With respect to magnitude, the processing compo 
nent 112 examines the value portion 120 (i.e., the numerical 
result of the subtraction N dlf:NccW—NcW) of the subtractor 1 16 
output. The difference value Ndlf is indicative of the offset 
magnitude (see, dotted line in FIG. 5) and may be used 
directly for other operations such as frequency offset correc 
tion. If desired, the difference value may be converted 122 by 
the processing component 112 into a frequency magnitude by 
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recognizing that the net number of transitions during the 
given time period is proportional to the frequency offset in 
accordance With: 

Af : Ndijl: /" 

_ Ndtf * Rb 

_ n * Nbirs 

Wherein: 
[0041] Rb is the bit rate on a single QPSK component (l' 

or Q'); 
[0042] Nbl-ts is the number of processed l' or Q' bits during 

the time period; and 
[0043] n is the number of corresponding quadrant tran 

sitions monitored by the detectors 102 and 104 (for 
example, if only a ?rst to second transition and corre 
sponding second to ?rst transition Were monitored, then 
nIl). 

[0044] This conversion 122 thus comprises the multiplica 
tion of the value 120 by a chosen constant to produce the 
frequency offset magnitude. 
[0045] A noted bene?t concerning the operation of the 
embodiment of FIG. 3 is its behavior in the presence of pure 
noise. Since pure noise may be characteriZed by a relatively 
equal number of clockWise and counter-clockwise transi 
tions, these cancel out in the comparator 116 operation 
(Ndlf:NccW—NcW), and the result more accurately reflects the 
frequency offset alone When averaged over time. 
[0046] There is, hoWever, a draWback With this operation in 
that the maximum frequency offset that is capable of detec 
tion is limited to l/n of the sampling rate. This can be better 
understood by reference to a speci?c example. It is recog 
niZed that the maximum frequency offset occurs When N dlf 
increases by one for each signal sample. Take an implemen 
tation of the present invention in a UMTS-FDD common pilot 
channel (C-PICH) scenario Where sampling occurs at a rate of 
15 kHZ. Thus, the time periodt contains Ns number of sym 
bols (Ns?*l5,000). The maximum rate of change of Ndlfis 
thus Ns quadrant transitions in one direction over the time 
period t. By replacing Ndlfby Ns?>X< 1 5,0000 in the frequency 
offset formula set forth above, the folloWing maximum mea 
surable frequency offset (Maxf) calculation results: 

Ns/n 
Maxf: 

1* 15,000 
: n>l<l 

15,000 

shoWing the l/n of the sampling rate limitation of the FIG. 3 
implementation. Any frequency offset above this relationship 
is erroneously measured, and suffers from the so-called 
“aliasing effect.” It is recogniZed that in some instances, due 
to the use of more inexpensive local oscillators in the receiver, 
an initial frequency offset often times exists that exceeds the 
(sampling rate)/n limitation. 
[0047] Reference is noW made to FIG. 6 Wherein there is 
shoWn a block diagram of a frequency offset detector 200 in 
accordance With a second embodiment of the present inven 
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tion. The detector 200 includes a counter-clockwise transition 
detector 202 and a clockWise transition detector 204. The 
counter-clockwise transition detector 202 implements one or 
more of the counter-clockwise transition detection logical 
expressions noted above (and discussed in connection With 
the logical implementations of FIGS. 3A-3D, or their equiva 
lents). The clockWise transition detector 204 implements a 
corresponding one or more of the clockWise transition detec 
tion logical expressions noted above (and discussed in con 
nection With the logical implementations of FIGS. 4A-4D, or 
their equivalents). By “corresponding” it is meant that Which 
ever one or more of the transition detection expressions that is 
implemented by the counter-clockwise transition detector 
202, the clockWise transition detector 204 should preferably 
implement the corresponding opposite transition detection 
expressions. For example, if the counter-clockwise transition 
detector 202 implements the logical expression for detecting 
a ?rst to second quadrant transition, the clockWise transition 
detector 204 should preferably implement the corresponding 
opposite logical expression for detecting a second to ?rst 
quadrant transition. 
[0048] The detector 200 still further includes a Zero-cross 
ing detector 206. The Zero-crossing detector 206 may imple 
ment a Zero-crossing detection portion (for example, the ?rst 
{--} portion shoWn above) of any one or more of the transition 
detection logical expressions noted above (or their equiva 
lents). For example, the expressions for the transitions in the 
counter-clockwise direction are as folloWs: 

?rst to second: l'(k—l) AND NOT(I'(k)) 

second to third: Q'(k—l) AND NOT(Q'(k)) 

third to fourth: NOT(I'(k-1)) AND I'(k) 

fourth to ?rst: NOT(Q'(k-1)) AND Q'(k). 

Conversely, the expressions for the transitions in the clock 
Wise direction are as folloWs: 

fourth to third: I'(k—l) AND NOT(I'(k)) 

?rst to fourth: Q'(k—l) AND NOT(Q'(k)) 

second to ?rst: NOT(l'(k-l)) AND I'(k) 

third to second: NOT(Q'(k-l)) AND Q'(k). 

It Will be noted from a revieW of the above Zero-crossing 
expressions that the same expressions are used in both the 
clock-Wise and counter-clockwise directions, but are 
reshuf?ed (for example, ?rst to second and fourth to third are 
both satis?ed When l'(k—l)AND NOT(l'(k)) is logically true). 
In this scenario, if a given expression is used Within the 
Zero-crossing detector, its satisfaction is counted tWice (for 
the same example as above, once as a ?rst to second Zero 
crossing and again for its matching fourth to third Zero-cross 
ing). 
[0049] The input to the counter-clockwise transition detec 
tor 202, the clockWise transition detector 204 and the Zero 
crossing detector 206 comprises a single quantiZation bit for 
each of the received I' and Q' signals. More speci?cally, in a 
preferred embodiment of the detector 200, the input com 
prises the sign bit (the most signi?cant bit in this case) of the 
received I' and Q' signals. Although the expressions recited 
above assume complementary logic, it Will be understood that 
the input and the detection expressions may implement other 
equivalent formatting. 
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[0050] The output from each of the counter-clockwise tran 
sition detector 202, the clockwise transition detector 204 and 
Zero-crossing detector 206 is a signal D (DCCW for the detector 
202, DCW for the detector 204, and Dzero for the detector 206) 
that When active indicates a detected occurrence of a transi 
tion/Zero-crossing event for the received signal. Active in this 
case could comprise either active high (i.e., logical “l”) or 
active loW (i.e., logical “0”) as desired for a given implemen 
tation. 
[0051] The signals D are accumulated in a counter 208 that 
includes a counter-clockwise accumulator 208(1) (counting 
the active signals DECW over a given time period), a clockWise 
accumulator 208(2) (counting the active signals DCW over the 
same given time period), and a Zero-crossing accumulator 
208(3) (counting the active signals Dzero over the same given 
time period). A reset signal 210 is used to reset the counter 
208 at the start of each neW time period. The output from the 
counter 208 at the expiration of each time period is a count N 
(NCCW for the counter-clockwise accumulator 208(1), NCW for 
the clockWise accumulator 208(2), and Nzero for the Zero 
crossing accumulator 208(3)) that represents the sum number 
of occurrences of a detected transition event in each direction 
and Zero-crossing event for the received signal during the 
given time period. 
[0052] A processing component 212 receives the counts N 
and mathematically operates on those counts to determine 
information that is at least indicative of, if not explicitly 
de?ning, the magnitude and sign of the frequency offset. With 
respect to the sign, the processing component 212 includes a 
comparator 216 that compares the count NCW of the clockWise 
accumulator 208(2) With the count NccW of the counter-clock 
Wise accumulator 208(1) (a subtractor may alternatively be 
used, With the sign of the value resulting from the subtraction 
being indicative of offset sign). The processing component 
then examines the sign output 218 of the comparator 216 
output to identify the sign of the frequency offset. For 
example, if the sign 218 is positive, then the sign of the 
frequency offset is also positive. Conversely, if the sign 218 is 
negative, then the sign of the frequency offset is negative. 
[0053] With respect to magnitude, the sign is disregarded 
because the Zero-crossing detector is detecting an event and 
counting it tWice as both a clockWise Zero-crossing and a 
counter-clockwise Zero-crossing (note the example recited 
above). The count Nzero of the Zero-crossing accumulator 
208(3) is indicative of offset magnitude (see dotted line in 
FIG. 6) and may be directly used in other operations such as 
offset correction. Alternatively, the processing component 
212 may convert 222 the count Nzero of the Zero-crossing 
accumulator 208(3) into a frequency magnitude by recogniZ 
ing that the number of Zero-crossings during the given time 
period is proportional to the frequency offset in accordance 
With: 

M : NEW/2n 
I 

Nzero * Rb 
: 2n * Nbim 

Wherein: 
[0054] Rb is the bit rate on a single QPSK component (l' 

or Q'); 
[0055] NIH-ts is the number of processed l' or Q' bits during 

the time period; 
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[0056] 2 re?ects that one crossing is counted tWice; and 
[0057] n is the number of matching Zero-crossing tran 

sitions monitored by the detector 206 (for example, if 
only a ?rst to second crossing and matching fourth to 
third crossing Were monitored, then nIl). 

Again, this conversion comprises the multiplication by a con 
stant. 

[0058] Using the Zero-crossing implementation discussed 
above provides for an improvement in the maximum measur 
able frequency offset (in comparison to the embodiment of 
FIG. 5). Since sign is ignored by the Zero-crossing detector 
206, each crossing counts tWice (once for clockWise (of one 
transition) and again for counter-clockwise (of a different 
transition)). More speci?cally, it is possible that during one 
sample change, both I' and Q' may change their sign. Such a 
change Would re?ect at least a at phase change in FIG. 2. This 
Would give a Nyquist frequency that is tWice as high as that 
provided With the embodiment of FIG. 5 (Where an event Was 
measured by the combination of (l) and (2) Which precludes 
both I' and Q' from changing). The higher Nyquist frequency 
in essence doubles the maximum frequency offset that can be 
detected. This can be better understood by reference to a 
speci?c example. It is recogniZed that the maximum fre 
quency offset occurs When Nzero increases by n for each signal 
sample (Where n is the number of matching Zero-crossing 
detections that are utiliZed). Take an implementation of the 
present invention in a UMTS-FDD common pilot channel 
(CPICH) scenario Where sampling occurs at a rate of l 5 kHZ. 
Thus, the time period t contains Ns number of symbols 
(N s?’l‘ 1 5,000). The maximum rate of change of Nzero is thus 
2*Ns Zero-crossings in any direction over the time period t 
(“2” because both I' and Q' change sign With the Zero-cross 
ing). By replacing Nzero by Ns:2*t* 1 5,0000 in the frequency 
offset formula set forth above, the folloWing maximum fre 
quency offset (Maxf) calculation results: 

Maxf : 

_ 30,000 
— n 

= 7.5 kHz 

When n:4 (Where all four Zero crossings are detected). 
[0059] There is, hoWever, a draWback With this operation in 
that for smaller frequency offsets, sign is still detectable using 
the detectors 202 and 204, but the measured magnitude Will 
be more adversely affected by noise than With the implemen 
tation of FIG. 5. The reason for this is that, although the 
clockWise and counter-clockwise rotations for noise are 
equally likely, they all sum up in the same sense With the 
Zero-crossing detector 206 and have a greater contribution to 
the detected magnitude in comparison to the actual magni 
tude. 
[0060] Reference is noW made to FIG. 7 Wherein there is 
shoWn a block diagram of a frequency offset detector 300 in 
accordance With a third embodiment of the present invention. 
In this implementation, the detectors 202 and 204, and pro 
cessor 212 operation for sign determination, are the same as 
With FIG. 6. The detector 300, hoWever includes a modi?ed, 
non-redundant counting, Zero-crossing detector 306. The 



US 2009/0017768 A1 

Zero-crossing detector 306 implements a Zero-crossing detec 
tion portion (for example, the ?rst {--} portion shown above) 
of any one or more of the transition detection logical expres 
sions noted above (or their equivalents). More speci?cally, 
the detection is implemented in a non-redundant manner. It 
Will be remembered the same Zero-crossing expressions are 
used in both the clock-Wise and counter-clockwise directions, 
but are reshuf?ed. These expressions are, therefore, direction 
ally-independent, and the Zero-crossing detector 306 counts 
just once (instead oftWice as in the implementation of FIG. 6) 
for each crossing. For example, the expressions for the cross 
ing transitions are as folloWs: 

I'(k—1) AND NOT(I'(k)) a) 

Q'(k—1) AND NOT(Q'(k)) b) 

NOT(I'(k-1)) AND I'(k) c) 

NOT(Q'(k-1)) AND Q'(k). d) 

[0061] With respect to magnitude, the count Nzero of the 
Zero-crossing accumulator 208(3) is indicative of offset mag 
nitude and may be directly used for other operations such as 
offset correction. Alternatively, the processing component 
312 may convert 322 the count Nzero of the Zero-crossing 
accumulator 208(3) into a frequency magnitude by recogniZ 
ing that the 

Af : Nzerlo/n 
_ Nzero * Rb 

"* Nbirs 

number of Zero-crossings during the given time period is 
proportional to the frequency offset in accordance With: 
[0062] Wherein: 

[0063] Rb is the bit rate on a single QPSK component I' or 
Q' (i.e., the symbol rate, or the sampling rate); 

[0064] NIH-ts is the number ofprocessed l' or Q' bits during 
the time period (i.e., the number of processed symbols); 
and 

[0065] n is the number of Zero-crossing transitions moni 
tored by the detector 306 (for example, if only the a) 
crossing Was monitored, then n:l). 

Again, the conversion to produce the frequency offset com 
prises a multiplication by a constant. 
[0066] This implementation likeWise provides an improve 
ment in the maximum measurable frequency offset (in com 
parison to the embodiment of FIG. 5). In this case, hoWever, 
each crossing counts only once. It is still possible, hoWever, 
that during one sample change, both I' and Q' may change 
their sign, Which Would give a Nyquist frequency that is tWice 
as high as that provided With the embodiment of FIG. 5 
(Where an event Was measured by the combination of (l) and 
(2) Which precludes both I' and Q' from changing). The higher 
Nyquist frequency in essence doubles the maximum fre 
quency offset that can be detected. This can be better under 
stood by reference to a speci?c example. It is recogniZed that 
the maximum frequency offset occurs When Nzero increases 
by n/2 for each signal sample (Where n is the number of 
matching Zero-crossing detections that are utiliZed). Take an 
implementation of the present invention in a UMTS-FDD 
common pilot channel (C-PICH) scenario Where sampling 
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occurs at a rate of l 5 kHZ. Thus, the time periodt contains Ns 
number of symbols (Ns?>X< 1 5,000). The maximum rate of 
change of Nzero is thus n*Ns/ 2 Zero-crossings in one direction 
over the time period t. By replacing Nzero by n*Ns/2:n*t* l 5, 
0000/2 in the frequency offset formula set forth above, the 
folloWing maximum frequency offset (Maxf) calculation 
results: 

maxf : 

15,000 
2 

= 7.5 kHz 

shoWing that the maximum frequency offset is still no longer 
tied to the value of n as With the FIG. 5 implementation and 
provides equivalent range performance to the implementation 
of FIG. 6. 

[0067] Reference is noW made to FIG. 8 Wherein there is 
shoWn a block diagram of a frequency offset detector 400 in 
accordance With a fourth embodiment of the present inven 
tion. The detector 400 essentially combines the functionality 
of the ?rst and third embodiments (see, FIGS. 5 and 7). The 
detector 400 includes a counter-clockwise transition detector 
102 and a clockWise transition detector 104 as described 
above in FIG. 3. The detector 400 still further includes a 
modi?ed, non-redundant counting, Zero-crossing detector 
306 as described above in FIG. 7. 

[0068] The output from each of the counter-clockwise tran 
sition detector 102, the clockWise transition detector 104 and 
Zero-crossing detector 306 is a signal D (DCCW for the detector 
102, DcW for the detector 104, and Dzm for the detector 306) 
that When active indicates a detected occurrence of a transi 
tion/Zero -crossing event for the received signal. Active in this 
case could comprise either active high (i.e., logical “l”) or 
active loW (i.e., logical “0”) as desired for a given implemen 
tation. 
[0069] The signals D are accumulated in a counter 408 that 
includes a counter-clockwise accumulator 408(1) (counting 
the active signals DECW over a given time period), a clockWise 
accumulator 408(2) (counting the active signals DcW over the 
same given time period), and a Zero-crossing accumulator 
408(3) (counting the active signals Dzero over the same given 
time period). A reset signal 410 is used to reset the counter 
408 at the start of each neW time period. The output from the 
counter 408 at the expiration of each time period is a count N 
(N CCW for the counter-clockwise accumulator 408(1), NCW for 
the clockWise accumulator 408(2), and Nzero for the Zero 
crossing accumulator 408(3)) that represents the sum number 
of occurrences of a detected transition event in each direction 
and Zero-crossing event for the received signal during the 
given time period. 
[0070] A processing component 412 receives the counts N 
and mathematically operates on those counts to determine 
information that is at least indicative of, if not explicitly 
de?ning, the magnitude and sign of the frequency offset. With 
respect to the sign, the processing component 412 includes a 
subtractor 416 that subtracts the count NCW of the clockWise 
accumulator 408(2) from the count NCCW of the counter-clock 
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Wise accumulator 408(1). The processing component then 
examines the sign portion 418 (i.e., the most signi?cant bit) of 
the subtractor 416 output to identify the sign of the frequency 
offset. For example, if the sign 418 is positive, then the sign of 
the frequency offset is also positive. Conversely, if the sign 
418 is negative, then the sign of the frequency offset is nega 
tive. 

[0071] With respect to magnitude, the processing compo 
nent 412 includes a comparator 430 that compares the value 
portion 420 (i.e., the numerical result of the subtraction 
N dlf:NccW—NcW) of the subtractor 41 6 output against a thresh 
old value (T). The threshold T may be an selected value, and 
is preferably set to a small percentage of the number of 
symbol samples Ns during the time period. More speci?cally, 
in accordance With a preferred implementation of the present 
invention, the threshold T is set to 3% of Ns. 

[0072] If Ndlf is less than T, this is indicative of the fre 
quency offset being relatively loW. In this scenario, the fre 
quency offset determination scheme of FIG. 5 is imple 
mented. More speci?cally, the difference value Ndlfis taken 
as being indicative of offset magnitude (see, dotted line in 
FIG. 8) and may be directly used for other operations such as 
offset correction. Alternatively, the difference value may be 
converted 422 by the processing component 412 into a fre 
quency magnitude by recognizing that the net number of 
transitions during the given time period is proportional to the 
frequency offset in accordance With: 

Af : Ndijl: /" 

_ Ndtf * Rb 

_ n * Nbirs 

Wherein: 

[0073] Rb is the bit rate on a single QPSK component (I' 
or Q'); 

[0074] NIH-ts is the number of processed I' or Q' bits during 
the time period; and 

[0075] n is the number of corresponding quadrant tran 
sitions monitored by the detectors 102 and 104 (for 
example, if only a ?rst to second transition and corre 
sponding second to ?rst transition Were monitored, then 
n:l). 

Again, this conversion to produce the frequency offset com 
prises a multiplication by a constant. 

[0076] Conversely, if Ndlf equals or exceeds T, this is 
indicative of the frequency offset being relatively high. In this 
scenario, the frequency offset determination scheme of FIG. 
7 is implemented. More speci?cally, the count Nzero of the 
zero-crossing accumulator 408(3) is taken as indicative of the 
offset magnitude (see dotted line in FIG. 8) and may be 
directly used for other operations such as offset correction. 
Alternatively, the processing component 412 then converts 
424 the count Nzero of the zero-crossing accumulator 408(3) 
into a frequency magnitude by recognizing that the number of 
zero-crossings during the given time period is proportional to 
the frequency offset in accordance With: 

Nzero / n 
r 

Af: 
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-continued 
_ Nzero * Rb 

" * Nbirs 

Wherein: 
[0077] Rb is the bit rate on a single QPSK component I' or 

Q' (the symbol rate); 
[0078] NIH-ts is the number of processed I' or Q' bits during 
the time period (number of processed symbols); and 

[0079] n is the number of zero-crossing transitions moni 
tored by the detector 306 (for example, if only the a) 
crossing Was monitored, then n:l). 

Again, this conversion comprises a multiplication by a con 
stant. 

[0080] The logical expressions for detecting transitions and 
zero-crossings may be implemented by the counter-clock 
Wise transition detector, the clockWise transition detector and 
the zero-crossing detector (of any embodiment shoWn herein) 
in any suitable technological manner (for example, in hard 
Ware, softWare, ?rmWare, or the like, including combinations 
thereof). For example, the logic circuit implementations illus 
trated in FIGS. 3A-3D and 4A-4D (or equivalents, or simpli 
?cations, or combinations) may be utilized if appropriate for 
the detector application. Alternatively, the logical expressions 
may be coded in softWare running as an application, or imple 
mented through the use of a digital signal processor or pro 
grammable array. Furthermore, it should be recognized, as 
discussed above, that the logical expressions for detecting 
transitions (event (1) AND event (2)) incorporate the logical 
expressions for zero-crossings (event (2)), and thus a separate 
physical implementation for zero-crossing detection is not 
required (this is graphically illustrated by the dotted line 
functionality Within the clockWise and counter-clockwise 
transition detectors in FIGS. 6-8). 
[0081] The detection of a corresponding pair of transitions 
(for example, ?rst to second and second to ?rst, as mentioned 
above) is su?icient to provide information for making a fre 
quency offset magnitude and direction determination. By 
increasing the number of transition pairs detected, hoWever, 
the accuracy of the magnitude determination improves. Thus, 
if a given implementation of the detector requires a high 
degree of accuracy in the measured magnitude of the deter 
mined frequency offset, the counter-clockWise transition 
detector and the clockWise transition detector should imple 
ment plural (up to the maximum of four if possible) pairs of 
transition detections. 
[0082] Reference is noW made to FIG. 9 Wherein there is 
shoWn a block diagram of UMTS-FDD cell searcher 500 
implementing the frequency offset detector of the present 
invention. The cell searcher 500 performs signal acquisition 
in three steps. In a ?rst step (often referred to in the art as “step 
1”), slot acquisition (or slot synchronization) 502 is per 
formed. In this step 1 process, the cell searcher 500 synchro 
nizes itself to the time slots of the received signal by detecting 
the beginnings of each slot through a correlation process 
Where the received signal is correlated against a primary 
synchronization code. In the second step (often referred to in 
the art as “step 2”), frame acquisition (or frame synchroniza 
tion) 504 is performed. In this step 2 process, the cell searcher 
500 synchronizes itself to the frame alignment (Where a frame 
comprises 15 consecutive slots) through a correlation process 
Where the received signal at each slot location is correlated 
against a secondary synchronization code. This frame align 
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ment process not only detects the beginning of the frame, but 
also detects Which sequence of codes are present in the 
received signal (and thus identi?es the scrambling code used 
by the base station). In the third step (often referred to in the 
art as “step 3”), base station identi?cation (or scrambling 
code acquisition) 506 is performed. In this step 3 process, the 
cell searcher 500 identi?es the unique code used by the base 
station to scramble its transmitted data. 
[0083] The frequency offset detector (100, 200, 300 and 
400) of the present invention is particularly useful in connec 
tion With the performance of the step 3 process for base 
station identi?cation 506. Although any of the detectors 
shoWn in FIGS. 5-8 may be used in the cell searcher 500, as a 
practical matter the detector 400 provides the best accuracy 
and Would be preferred for a UMTS-FDD application. The I 
and Q (more speci?cally, the I' and Q') components of the 
primary common pilot channel (P-CPICH) are retrieved. 
Although the I and Q components have identical data contents 
(e. g., all ones), they are different because the scrambling code 
is complex in nature. So, the CPICH is actually the same as 
the scrambling code (during one frame).Although the I and Q 
components differ, they do not need to be retrieved separately, 
since this is the ?nal step of the signal acquisition phase. 
Actually, the correct scrambling code is identi?ed by corre 
lating the complex input signal With the conjugate of one of 
the eight assumed scrambling codes (Where this group of 
eight candidate codes for the actual scrambling code is an 
outcome of the step 2 process in addition to the frame syn 
chronization). Correlating the complex input signal With the 
conjugate of an assumed scrambling codes is performed as 
folloWs: 

[0084] Wherein: 
[0085] I' is the “in-phase” signal vector P; 
[0086] Is is the real part of the assumed scrambling code; 
[0087] Q' is the “quadrature” signal vector; 
[0088] Qs is the imaginary part of the assumed scram 

bling code; 
[0089] E is the “energy” (i.e., the correlation result); and 
[0090] T refers to a transposition. 

In the presence of phase error (CID), I' and Q' are: 

Where I and Q are the original phase components, respec 
tively, and (I) is the phase offset. In the case of a pilot signal, 
I and Q contain Is and Qs, respectively. The energy E Will 
have the largest peak When the CPICH (I'+Q') is matched With 
the true scrambling code candidate (Is_true-j Qs_true), Which 
is the goal of the base station identi?cation 506 (or scrambling 
code acquisition step). Recognizing again that the CPICH is 
equal to the scrambling code, this means that I:Is and also 
that Q:Qs. Thus: 

recognizing that Is :I and QsIQ, and further: 

IT-QIIT-QSIQTIIQTISIO 
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Thus: 

[0091] 

recognizing that cos2+sin2(I>:l. The CPICH information can 
then be considered as retrieved Where it is constant on 
observed intervals. Nonetheless, in the presence of a fre 
quency offset this supposedly constant value varies With time. 
The frequency offset process of the present invention (refer 
ences 100, 200, 300 and 400 in FIGS. 5-8)) takes into account 
the phase components I'Is_true and Q'Qs_true, referred to 
herein as I' and Q', respectively, Which already had to be 
computed for ?nding the correlation peak (value E). By esti 
mating the number of “sector crossings” in I' and Q' (more 
precisely, I'Is and Q'Qs), the present invention computes the 
frequency offset (solid line) or information indicative of the 
frequency offset (dotted line). This information (sign and 
magnitude) can then be fed back 508 to the automatic fre 
quency control loop 510 of the receiver to improve its opera 
tion. 
[0092] Although preferred embodiments of the method and 
apparatus of the present invention have been illustrated in the 
accompanying DraWings and described in the foregoing 
Detailed Description, it Will be understood that the invention 
is not limited to the embodiments disclosed, but is capable of 
numerous rearrangements, modi?cations and substitutions 
Without departing from the spirit of the invention as set forth 
and de?ned by the folloWing claims. 

What is claimed is: 
1. A frequency error system for measuring a sign and 

magnitude of a carrier frequency error in a received complex 
signal, comprising: 

a ?rst detector operating to detect at least one quadrant 
transition of the received complex signal in a ?rst rota 
tion direction; 

a ?rst accumulator that accumulates a number of ?rst rota 
tion direction quadrant transitions detected by the ?rst 
detector during a time period; 

a second detector operating to detect at least one corre 
sponding quadrant transition of the received complex 
signal in a second, opposite, rotation direction; 

a second accumulator that accumulates a number of sec 
ond, opposite, rotation direction quadrant transitions 
detected by the second detector during the same time 
period; and 

a subtractor that subtracts from the accumulated ?rst rota 
tion direction quadrant transitions the second, opposite, 
rotation direction quadrant transitions to obtain a differ 
ence value, a sign of that difference value being indica 
tive of the carrier frequency error sign and a magnitude 
of that difference value being indicative of the carrier 
frequency error magnitude. 

2. The system as in claim 1 further including a processing 
component to calculate the frequency error magnitude by 
dividing the difference value by the time period. 

3. The system as in claim 2 Wherein the ?rst and second 
detectors each detect tWo corresponding quadrant transitions, 
and Wherein the processing component calculates the fre 
quency error magnitude by dividing the difference value by 
tWo times the time period. 
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4. The system as in claim 2 wherein the ?rst and second 
detectors each detect four corresponding quadrant transi 
tions, and Wherein the processing component calculates the 
frequency error magnitude by dividing the difference value 
by four times the time period. 

5. The system as in claim 2 Wherein the processing com 
ponent resets the ?rst and second accumulators at the end of 
each time period. 

6. The system as in claim 1 Wherein the received complex 
signal is quantized by a single I bit and a single Q bit, and 
Wherein the ?rst and second detector operate to detect quad 
rant transitions by examining the single bits. 

7. The system as in claim 6 Wherein the quantiZed single I 
and Q bits are sign bits of the I and Q components of the 
received complex signal. 

8. The system of claim 1 Wherein the received complex 
signal is a PSK signal. 

9. The system of claim 8 further comprising a receiver 
frequency control loop responsive to the frequency error sign 
and frequency error magnitude for correcting the frequency 
error in the received complex PSK signal. 

10. A cell searcher, comprising: 
a slot acquisition component for correlating a received 
PSK signal against a slot synchronization code; 

a frame acquisition component for correlating the received 
PSK signal at each slot location against a frame synchro 
niZation code; 

a scrambling code acquisition component for correlating a 
unique scrambling code against the received PSK signal, 
the scrambling code acquisition component including 
an error detector for measuring a sign and magnitude of 
a carrier frequency error in the received signal by pro 
cessing phase components of the unique scrambling 
code correlation; and 

a receiver frequency control loop Whose frequency opera 
tion is adjusted by the measured carrier frequency error 
sign and magnitude. 

11. The cell searcher as in claim 10 Wherein the error 
detector comprises: 

a ?rst detector operating to detect at least one quadrant 
transition of the received PSK signal in a ?rst rotation 
direction; 

a ?rst accumulator that accumulates a number of ?rst rota 
tion direction quadrant transitions detected by the ?rst 
detector during a time period; 

a second detector operating to detect at least one corre 
sponding quadrant transition of the received PSK signal 
in a second, opposite, rotation direction; and 

a second accumulator that accumulates a number of sec 
ond, opposite, rotation direction quadrant transitions 
detected by the second detector during the same time 
period. 

12. The cell searcher as in claim 11 Wherein the error 
detector further comprises: 

a circuit that determines a difference betWeen the accumu 
lated ?rst rotation direction quadrant transitions the sec 
ond, opposite, rotation direction quadrant transitions to 
obtain a difference value, a sign of that difference value 
being indicative of the frequency error sign and a mag 
nitude of that difference value being indicative of the 
frequency error magnitude. 

13. The cell searcher as in claim 11 Wherein the error 
detector further comprises: 
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a third detector operating to detect at least one Zero-cross 
ing of the received PSK signal; and 

a third accumulator that accumulates a number of Zero 
crossings detected by the third detector during the same 
time period. 

14. The cell searcher as in claim 13 Wherein the error 
detector further comprises: 

a comparator that compares the accumulated counter 
clockWise ?rst rotation direction quadrant transitions 
and second, opposite, rotation direction quadrant tran 
sitions, the larger of those accumulated transitions being 
indicative of the frequency error sign; 

Wherein the accumulated Zero-crossings are indicative of 
the frequency error magnitude. 

15. The cell searcher as in claim 13 Wherein the error 
detector further comprises: 

a subtractor that subtracts from the accumulated ?rst rota 
tion direction quadrant transitions the second, opposite, 
rotation direction quadrant transitions to obtain a differ 
ence value, a sign of that difference value being indica 
tive of the frequency error sign; and 

a comparator that compares the difference value to a 
threshold, a magnitude of that difference value being 
indicative of the frequency error magnitude if the thresh 
old is not exceeded, and the accumulated Zero-crossings 
being indicative of the frequency error magnitude if the 
threshold is exceeded. 

16. A method for measuring a sign and magnitude of a 
carrier frequency error in a received complex signal, compris 
ing: 

detecting at least one quadrant transition of the received 
complex signal in a ?rst rotation direction; 

accumulating a number of ?rst rotation direction quadrant 
transitions during a time period; 

detecting at least one corresponding quadrant transition of 
the received complex signal in a second, opposite, rota 
tion direction; 

accumulating a number of second, opposite, rotation direc 
tion quadrant transitions during the same time period; 

subtracting from the accumulated ?rst rotation direction 
quadrant transitions the second, opposite, rotation direc 
tion quadrant transitions to obtain a difference value; 

providing a sign of that difference value as being indicative 
of the carrier frequency error sign; and 

providing a magnitude of that difference value being 
indicative of the carrier frequency error magnitude. 

17. The method as in claim 16 further including the step of 
adjusting carrier frequency setting of a receiver carrier fre 
quency control loop in accordance With the provided sign and 
magnitude. 

18. The method as in claim 16 Wherein the step of provid 
ing a magnitude comprises the step of calculating a value 
proportional to the frequency error magnitude by dividing the 
difference value by the time period. 

19. The method as in claim 16 Wherein the received com 
plex signal is quantiZed by a single I bit and a single Q bit, and 
Wherein the detecting steps detect quadrant transitions by 
examining the single bits. 

20. The method as in claim 19 Wherein the quantiZed single 
I and Q bits are sign bits of the I and Q components of the 
received complex signal. 

21. The method of claim 16 Wherein the received complex 
signal is a PSK signal. 

* * * * * 


